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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plasma ETCHINKU equipment which is applied to the plasma 
treatment equipment and the approach which will be made manufacture of a semiconductor device, and which are carried 
out, especially carries out etching processing using the plasma, or the plasma-CVD equipment which carries out 
membrane formation processing. 
[0002] 

[Description of the Prior Art] In case etching processing of the silicon wafer (a wafer is only called henceforth) is carried 
out conventionally, an oxide film or a nitride is formed on a wafer front face with plasma-CVD equipment, and it is 
etching with the plasma etching system by using this silicon oxide or nitride as a mask. 
[0003] 

[Problem(s) to be Solved by the Invention] In case the silicon oxide or the silicon nitride used as a mask is formed with 
conventional plasma-CVD equipment, the film formed by the periphery and the bevel section (the wafer periphery part or 
thickness part of a periphery) of a wafer tends to become very thin compared with the film formed by the wafer center 
section. Therefore, in case mask processing which is the last process which performs silicon etching using a plasma 
etching system is performed, in a periphery and the **** RU section, the oxide film or nitride used as a mask will be able 
to be deleted, and a resultant will adhere to a front face. For this reason, in the case of silicon etching of degree process, 
said resultant serves as a mask and the silicon configuration of the shape of a sword called black silicon to a periphery 
and the ** bell section is formed. Sword-like silicon separated in the carrier on the occasion of wafer conveyance, and the 
silicon of the shape of this sword became causes, such as dust, at it, and had the problem of worsening the yield of a chip. 
[0004] Therefore, in the case of mask processing and silicon etching by the plasma etching system, by changing the 
distance from the height and wafer of the focal ring used in order to defend magnitude, an installation base, etc. of the 
plasma, the oxide film for masks of the periphery of a wafer and the bevel section or the nitride could be deleted, and the 
amount is controlled. However, even if it adjusts a focal ring, a focal ring can be shaved by etching, goes, can delete an 
oxide film or a nitride and produces aging of control of an amount becoming impossible. For this reason, when it was able 
to delete by the periphery of a wafer under the effect of a focal ring, and an amount decreased and plasma starting was 
able to distort, it becomes impossible to have processed the configuration of the periphery of a wafer perpendicularly, and 
became slanting, and problems, like a defect arises were in the chip formed around a wafer. 

[0005] Made in order that this invention might solve the conventional technical problem like the purpose is offering 
the plasma treatment equipment and the approach of forming to homogeneity the thickness of the film which formed 
membranes in the thickness, its periphery, and the bevel section of the film which could delete the insulator layer of the 
periphery of a wafer, and the bevel section etc., controlled the amount or formed membranes in the center section of a 
wafer, without producing any fault. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the description of the 1st invention is by 
making reactant gas ionize to have had a means to generate the plasma and to process a processed substrate, an 
installation means to install said processed substrate, and the magnetic field generating means that makes magnetic field 
strength near the periphery of said processed substrate stronger than the inside field. 

[0007] If the magnetic field which makes magnetic field strength near the periphery section of processed substrates, such 
as a semi-conductor wafer, stronger than that inside field is generated according to this 1st invention, the consistency of 
the plasma near [ said ] the periphery section will change with these magnetic fields. Change of the consistency of the 
plasma changes the decomposition reaction rate of the energy of ion, or gas. Thereby, when carrying out etching 
processing of said processed substrate with ion etc., by reducing the energy of said ion and making the etch rate of a 
periphery late outside said processed substrate, the insulator layer in the periphery section of said processed substrate etc. 
can be deleted, and an amount is controlled, moreover - the time of performing membrane formation processing to said 
processed substrate — the decomposition reaction rate of the surrounding gas of said processed substrate — promotion — it 
can prevent increasing the amount of the deposit of the periphery section of said processed substrate, and the thickness 
near the periphery section of said processed substrate becoming thin by things. 

[0008] Said magnetic field generating means has the description of the 2nd invention in being located near the periphery 
of said processed substrate. 

[0009] According to this 2nd invention, said magnetic field is generated near the periphery of said processed substrate, 
and the effect on PURASUZUMA by this magnetic field can be made to cause effectively. 
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[0010] The description of the 3rd invention is to form the oxide film or the nitride on said processed substrate. 
[001 1] When the description of the 4th invention makes reactant gas ionize, the plasma is generated, and in the plasma 
treatment equipment which processes a processed substrate, it has the magnetic field generating means which makes 
magnetic field strength near the periphery of said processing substrate stronger than the inside field, and the protect ring 
installed so that said processed substrate might be surrounded, and said magnetic field generating means is to be 
embedded at said protect ring. 

[0012] Since a magnetic field generating means is located in the protect ring installed so that said processed substrate 
might be surrounded, said magnetic field is generated near said processed substrate. 

[0013] The description of the 5th invention is to embed said magnetic field generating means in an installation means to 
install said processed substrate. 

[0014] Since a magnetic field generating means is located in the installation base in which said processed substrate is 
installed according to this 5th invention, said magnetic field is generated near said processed substrate. 
[001 5] Said magnetic field generating means has the description of the 6th invention in using an electromagnet or a 
permanent magnet. 

[0016] If said magnetic field generating means is used as a permanent magnet according to this 6th invention, an 
energization means can be excluded, and if it is made an electromagnet, the magnetic field of the reinforcement of 
arbitration can be generated easily. 

[0017] Said plasma treatment equipment of the description of the 7th invention is a plasma etching system or plasma- 
CVD equipment. 

[0018] The description of the 8th invention makes reactant gas ionize, generates the plasma, has the process which 
processes a processed substrate, and the process which the periphery section of said processed substrate is made to 
generate a magnetic field, and makes magnetic field strength stronger than the inside field of said processed substrate, and 
where said magnetic field is formed in the periphery section of said processed substrate, it is in said thing [ canying out 
plasma etching ] about said processed substrate. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. 
Drawing 1 is the outiine side elevation having shown ttie gestalt of operation of the 1 st of the plasma treatment equipment 
of this invention, and is an example supposing a plasma etching system. The installation base 3 is installed in the base 
center section in a chamber 1, the siHcon wafer 100 of a processing object is installed on this installation base 3, the 
periphery section of a wafer 100 is approached, and focal Ring 2 is arranged. The upper part of the installation base 3 is 
the polar zone, and this polar zone is connected to external RF generator 7 through Capacitor C. The upper part of a 
chamber 1 is formed with a counterelectrode 4, and this electrode 4 is grounded. 

[0020] Moreover, the introductory tubing 5 which introduces reactant gas into this counterelectrode 4 in a chamber 1 is 
formed, and the exhaust pipe 6 which exhausts the gas in a chamber 1 is formed in the side-face lower part of a chamber 
1. 

[0021] Drawing 2 is the outiine sectional view having shown the example of a configuration of focal Ring 2 shown in 
drawing 1 , and drawing 3 is a top view at the time of seeing focal Ring 2 shown in drawing 1 fi-om the upper part. Focal 
Ring 2 is carrying out the shape of a circular ring by the product made from a quartz, h as the size and the configuration 
which can surround the periphery section of a wafer 100 circularlyfand is installed in the installation base 3 of the 
periphery section of a wafer 100. The circular ring-like electron iag net 21 is a rranged inside this focal Ring 2. 
[0022] Next, actuation of the gestalt of this operation is explamed/The sample by which pattern NINGU was carried out 
by using as a mask interphase ****** which consists of the silicon nitride 41 and silicon oxide 42 which were formed on 
the silicon substrate 40 as shown in drawing 4 as a wafer 100 installed in the installation base 3 of a chamber 1 is used. It 
etched by energizing on the electromagnet 21 in focal Ring 2 surrounding the periphery of such a sample, and applying a 
magnetic field around a wafer 100. The high fi-equency current to which the reactant gas by which the pressure in a 
chamber 1 was introduced fi-om 370 (mTorr) and the introductory tubing 5 is supplied ft-om SF6/NF3 =90 / 10 (seem), 
and RF generator 7 sets the temperature of 150 (W) and a wafer 100 as 20 (degree C). 

[0023] It etches by applying a magnetic field to wafer 100 periphery with 0, 20, 40, and 80 (Gauss). Ion energy is reduced 
by giving plasma starting change to the circumference part of a wafer 100, and raising the consistency of the plasma by 
this. The silicon oxide used as the mask of a wafer periphery or the ** bell section can be deleted by this, and an amount 
is controlled. It turns out by [ as showing the result in drawing 5 ] that the etch rate is decreasing as the etch rate of the 
silicon oxide 42 of the periphery of a wafer 100 raises the magnetic field strength generated fi-om the electromagnet 21 in 
focal Ring 2. 

[0024] According to the gestalt of this operation, the etch rate of interiayer insulation films, such as silicon oxide of the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



1/9/2006 



JP,20()0-036486,A [DETAILED DESCRIPTION] 



Page 3 of 4 



periphery of a wafer 100 and the bevel section, can be decreased by imposing a field on the periphery of a wafer 100 with 
the electromagnet 21 in focal Ring 2. For this reason, also when an interlayer insulation film is formed and this interlayer 
insulation film is thin in the periphery and the bevel section of a wafer 100 with conventional plasma-CVD equipment, an 
interlayer insulation film can be shaved by decreasing the etch rate of the interlayer insulation film in a periphery and the 
bevel section, and since it can abolish that silicon is exposed, generating of sword-like silicon can be prevented. Since it is 
lost that this sword-like silicon can delete in a carrier and serves as dust by this, the yield of a chip can be raised. 
[0025] In addition, the magnetic field strength generated with an electromagnet 21 is chosen not only according to the 
above-mentioned range of 0 to 80 gauss but according to the ingredient etched suitably, the film to deposit, and the gas to 
be used. Moreover, effectiveness with the same said of embedding an electromagnet in the installation base in which a 
processed substrate is installed similarly was acquired. 

[0026] By the way, although focal Ring 2 which built in the electromagnet 21 was used with the gestalt of the above- 
mentioned implementation, the same effectiveness can be acquired also in the example of a focal ring which is described 
below. 

[0027] Drawing 6 is the top view having shown the example which constituted the magnet which is built in the above- 
mentioned focal ring and generates a field from a per mmisnt magnet. That is, it makes it possible to make NS field from 
embedding two or more permanent magnets 9i m amultipole mold, and to make the periphery of a wafer generate a field 
in a focal ring. Here, it is good to carry out selection use of a Nd-Fe system, a Sm-Co system, a Sm-Fe system, a ferrite, 
the Alnico alloy, etc. in consideration of a need field, resistance, weight, etc. suitably as an ingredient of a permanent 
magnet 91, for example. 

[0028] In ttiis example, since the magnet in a focal ring is a permanent magnet, an energization facility is not needed, but 
structure of equipment can be simplified. In addition, it can respond to the membrane formation from which conditions 
are different, or etching by preparing two or more focal rings embedding the magnet of the multipole mold according to 
the reinforcement of the field to generate. Moreover, although 16 permanent magnets 91 are used, this will not be limited 
to this number, if the magnet of a multipole mold can be formed. 

[0029] Drawing 7 is the top view having shown other examples which constituted the magnet which is built in the above- 
mentioned focal ring and generates a field from a permanent magnet. That is, it makes it possible to make NS field from 
embedding two or more permanent magnets 91 in a multipole mold, and to make the periphery of a wafer generate a field 
in a focal ring. Although this example has prepared spacing in case it arranges a magnet 91, it fully comes also out of this 
to the periphery of a wafer to generate a field. Moreover, effectiveness with the same said of embedding a permanent 
magnet as shown in drawing in an installation base similarly was able to be acquired. 

[0030] Drawing 8 is the outline side elevation having shown the gestalt of operation of the 2nd of the plasma treatment 
equipment of this invention, and this example is an example supposing a plasma etching system. The magnetic field 
where this example is built in the installation base 3, and an electromagnet 21 makes it on it stronger than the inside of the 
magnetic field strength near the periphery of a wafer 100 with this electromagnet 21 is generated. Other configurations 
are the same as that of the gestalt of the 1st operation shown in drawing 1 . 

[0031] Drawing 9 is the outline sectional view having shown the example of a configuration of the installation base 

shown in drawing 8 . The electromagnet 21 is laid under the installation base just under focal Ring 2. 

[0032] Drawing 10 is the outline top view having shown the example of a configuration inside the focal ring shown in 

drawin g 8 , and an installation base. Moreover, drawing 1 1 is the expansion top view of drawing 10 . 

[0033] There is the same effectiveness as the gestalt of the 1st operation which also showed the gestalt of this operation to 

drawing 1 . 

[0034] Drawing 12 is the outline side elevation having shown the gestalt of operation of the 3rd of the plasma treatment 
equipment of this invention, and this example is an example supposing plasma-CVD equipment. However, into the part 
corresponding to the gestalt of the 1st operation shown in drawing 1 , the explanation is suitably omitted using the same 
sign. Moreover, the structure inside focal Ring 2 arranged at the periphery section of a wafer 100 and an installation base 
is the same as the gestalt of the 1st operation, and since the periphery of a wafer 100 is made to generate a field by 
building an electromagnet 21 in focal Ring 2 in the shape of a circular ring, drawing 2 and drawing 3 are borrowed and 
explained henceforth. 

[0035] Next, actuation of the gestalt of this operation is explained. By energizing on the electromagnet 21 of the shape of 
a circular ring in focal Ring 2, the field is applied around the wafer 100, plasma CVD is used for the front face of this 
wafer 100, and silicon oxide and a silicon nitride are formed. 

[0036] The deposition conditions of the silicon oxide at this time are as stating below. The reactant gas by which the 
pressure in a chamber 1 is introduced from 5 (Torr) and the introductory tubing 5 is 02 =840 (seem), and the high 
frequency current outputted from RF generator 7 set up the temperature of 550 (W) and a wafer 100 with 400 degrees C. 
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[0037] On the other hand, the membrane formation conditions of a silicon nitride are as stating below. The high 
frequency current to which the reactant gas by which the pressure in a chamber 1 is introduced from 2.6 (Torr) and the 
introductory tubing 5 is outputted from SiH 4 = 50 (seem), NH 3 = 4 (1), N 2 = 1 .6 (1), and RF generator 7 set up the 
temperature of 550 (W) and a wafer 100 with 400 degrees C. 

[0038] In order to apply a magnetic field to the periphery of a wafer 100 with 0, 20, 40, and 80 (Gauss) and to make a 
plasma consistency increase to it in the periphery or the bevel section of a wafer 100 with the electromagnet 21 in focal 
Ring 2 on condition that the above, the decomposition reaction of gas promotes and the amount of active species 
increases. Thereby, adhesion or deposition of silicon oxide and a silicon nitride is promoted in said periphery or the bevel 
section. It turned out that an interlayer insulation film accumulates thickly as were shown in drawing 13 and the result 
raised the magnetic field strength of the periphery of a wafer 100, and the bevel section. 
[0039] According to the gestalt of this operation, by imposing a field on the periphery of a wafer 100 with the 
electromagnet 21 in focal Ring 2 By making deposition of silicon oxide and a silicon nitride increase in the periphery or 
the bevel section of a wafer 100 Deposition of the interlayer insulation film in that of the periphery of a wafer 100 and the 
bevel section can be promoted. The deposition thickness of the interlayer insulation film of the center section of a wafer 
100, Deposition thickness in a periphery and the bevel section can be made almost the same, all the wafers 100 can be 
covered, and the interlayer insulation film of uniform thickness can be formed. 

[0040] Therefore, even if it carries out etching processing of the wafer 100 which formed such an interlayer insulation 
film with the conventional plasma etching system, all interlayer insulation films can be shaved in the periphery or the 
bevel section of a wafer 100, and since it is lost that silicon is exposed, generating of sword-like silicon can be prevented. 
For this reason, it can be lost that this sword-like silicon can delete in a carrier and serves as dust, and the yield of a chip 
can be raised. 

[0041] In addition, the magnetic field strength generated with an electromagnet 21 shall be chosen not only according to 
the above-mentioned range of 0 to 80 gauss but according to the ingredient etched suitably, the film to deposit, and the 
gas to be used. Moreover, the same effectiveness can be acquired using the focal ring in which this example was also 
shown in the example of drawing 6 and drawing 7 . Moreover, the same effectiveness was able to be acquired although 
the permanent magnet of an electromagnet or drawing 6 , and drawin g 7 was embedded in the installation base. 
[0042] Moreover, also in plasma treatment equipment which makes the plasma-CVD equipment shown in the plasma 
etching system shown in drawing 1 , and drawing 12 serve a double purpose, the above-mentioned effectiveness can be 
acquired with the electromagnet in a focal ring etc. by applying a magnetic field around the wafer which is a processed 
ingredient. Furthermore, in the above-mentioned gestalt of operation, although the perimeter of a wafer 100 was made to 
generate a magnetic field with the electromagnet 21 in focal Ring 2 etc., focal Ring 2 is not necessarily required, and even 
if it installs an electromagnet etc. in the periphery section of a wafer 100 and generates a magnetic field, it has the same 
effectiveness. 

[0043] Drawing 14 is the outline side elevation having shown the gestalt of operation of the 4th of the plasma treatment 
equipment of this invention, and this example is an example supposing plasma-CVD equipment. Although, as for this 
example, the electromagnet 21 is laid under the installation base 3, other configurations are the same as that of the gestalt 
of the 3rd operation shown in drawing 12 , and have the same effectiveness in the same actuation. 
[0044] 

[Effect of the Invention] As explained to the detail above, according to this invention, without producing any fault, an 
amount can be controlled or thickness of the film which formed membranes in the thickness, its periphery, and the bevel 
section of the film which could delete the insulator layer of the periphery of a wafer and the bevel section etc., and 
formed membranes in the center section of a wafer can be made into homogeneity. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the side elevation having shown the gestalt of operation of the 1st of the plasma treatment equipment of 
this invention. 

[Drawing 2] It is the outline sectional view having shown the example of a configuration of the focal ring shown in 
drawing 1 . 

[Drawing 3] It is the outline top view having shown the example of a configuration inside the focal ring shown in drawing 
1 , and an installation base. 

[Drawing 4] It is the sectional view having shown the example of structure of the wafer etched by the equipment shown 
in drawin g 1 . 

[Drawing 5] It is the property Fig. having shown the relation between the magnetic field strength of the wafer 
circumference, and a silicon oxide etching rate. 

[Drawing 6] It is the top view having shown the example which constituted the magnet which is built in a focal ring and 
generates a field firom a permanent magnet. 

[Drawing 7] It is the top view having shown other examples which constituted the magnet which is built in a focal ring 
and generates a magnetic field from a permanent magnet. 

[Drawing 8] It is the outline side elevation having shown the gestalt of operation of the 2nd of the plasma treatment 
equipment of this invention. 

[Drawing 9] It is the outline sectional view having shown the example of a configuration of the installation base shown in 

drawing 8 . 

[Drawing 10] It is the outline top view having shown the example of a configuration inside the focal ring shown in 
drawing 8 , and an installation base. 

[Drawing 1 1] It is the expansion top view of drawing 10 . 

[Drawing 12] It is the side elevation having shown the gestalt of operation of the 3rd of the plasma treatment equipment 
of this invention. 

[Drawing 13] It is the property Fig. having shown the relation between the magnetic field strength of the wafer 
circumference, and the amount of P-CVD membrane formation. 

[Drawing 14] It is the side elevation having shown the gestalt of operation of the 4th of the plasma treatment equipment 
of this invention. 
[Description of Notations] 

1 Chamber 

2 Focal Ring 

3 Installation Base 

4 Counterelectrode 

5 Introductory Tubing 

6 Exhaust Pipe 

7 RF Generator 
21 Electromagnet 

40 Silicon Substrate 

41 Silicon Nitride 

42 Silicon Oxide 

91 Permanent Magnet 
100 Wafer 
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[Drawing 1] 
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